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Summary 
Twenty-nine voluntary directed swordfish (Xiphias gladius) pelagic 
longline sets were conducted in the Windward Passage (n=4) and the southern 
Gulf of Mexico (n=25) during February-April 2004 aboard the F/V Carol Ann, a 
U.S.-registered commercial pelagic longline vessel. The goal of this project was 
to assess differences in catch rate and hooking location between size 16/0 and 
18/0 non-offset circle hooks baited with dead squid (Illex sp.) or mackerel 
(Scomber scomber). Protocols were similar to those developed by Dr. John 
Watson et al. of the NOAA Fisheries SEFSC-Pascagoula Laboratory for work 
with pelagic longline vessels in the northern Gulf of Mexico targeting tuna, 
although modified for the southern Gulf directed swordfish fishery. 
Catch rates of the size 18/0 circle hooks were lower, but non-significant, 
in both locations than those of 16/0 hooks when using squid bait, although higher, 
but also non-significant, catch rates were noted with sets testing these hook 
combinations with mackerel. Trends in catches suggest that the non-significance 
of the results may reflect the low statistical power resulting from small sample 
sizes rather than a lack of relationship. Combined swordfish mortality at 
haulback for both hook types was relatively low, possibly a consequence of the 
fact that 51.2% of these swordfish were hooked in the corner of the mouth. 
Mortality rates at haulback also varied by species and fishing location. 
Previous research in the Grand Banks fishery has suggested that use of 
larger hooks may result in a reduction of sea turtle bycatch. In this study, two 
loggerhead sea turtles (Caretta caretta) were caught, one on each hook size. Both 
animals were hooked in the mouth and released alive. 
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Introduction 
Pelagic longline fishing is used worldwide for the commercial harvest of swordfish 
(Xiphias gladius) and other large pelagic fishes such as tunas (Thunnus spp.). While pelagic 
longline gear configuration and deployment strategy can be changed to target certain species, this 
gear invariably encounters non-target species, including istiophorid billfishes and sea turtles. 
Public concern with bycatch has resulted in several domestic research and management efforts to 
reduce unintended interactions. In the case of threatened loggerhead (Caretta caretta) and 
endangered leatherback (Dermochelys coriacea) sea turtle interactions, the U.S. pelagic longline 
fishery remains under close scrutiny with the provisions of the Endangered Species Act (BSA). 
The BSA remains the main federal legislation for endangered species, and is 
implemented by the U.S. Fish and Wildlife Service for terrestrial plants and animals, including 
all bird species, and NOAA Fisheries1 for marine mammals and turtles. NOAA Fisheries is 
obligated under the provisions of the BSA to regulate all activities - including fishing- that 
might impact the populations of the various marine species. In 2003, data from mandatory 
logbook report submissions and the agency's Pelagic Observer Program indicated that turtle 
interactions in the combined Atlantic pelagic longline fishery had exceeded the allowable take 
levels established in the 2002 Biological Opinion (Bi Op). The highest level of documented 
interactions between sea turtles and the pelagic longline fishery came from the northern Gulf of 
Mexico fleet, which primarily targets yellow:fin tuna (Thunnus albacares). When sea turtle 
interactions for the fishery exceed an established threshold, active discussions within the agency 
on measures to reduce such rates in the future are automatically reinitiated. 
NOAA Fisheries had been working under a cooperative research program with 
commercial longline :fishermen between 2001-2003 to develop methods to reduce interactions 
between sea turtles and the Grand Banlcs pelagic longline fishery. (This geographic area is often 
referred to as the "NED" based on its designation within the NMFS statistical database as the 
"North-East Distant" grounds.) Despite the narrow temporal and spatial range of this NED 
work, many of the results, including specific bait and hook combinations, showed clear promise 
to reduce the rate of interactions. NMFS issued an Advance Notice of Proposed Rulemaking 
(ANPR) for the U.S pelagic longline fishery on February 11, 2004, the agency's Preferred 
1 This agency was formerly named the U.S. National Marine Fisheries Service or "NMFS". 
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Alternatives of which would require one of the two following hook-bait combinations using 18/0 
circle hooks: either non-offset hooks with squid and/or mackerel or offset hooks with mackerel 
(69 F.R. 6621). Both hook-bait combinations were demonstrated to be effective in reducing 
interactions between the pelagic longline gear and both leatherback and loggerhead sea turtles 
during 2001-2003 cooperative research in the NED statistical area2. 
In response to the ANPR notice, Dr. John Watson Qfthe NOAA Fisheries SEFSC-
Pascagoula Laboratory developed plans to conduct cooperative fishing research with at least four 
pelagic longline vessels in the Gulf of Mexico. These vessels were to target tuna, which set their 
gear during the day and use smaller bait, primarily sardines. At that time, there were several 
other vessels in the southern Gulf of Mexico which targeted swordfish, using different gear and 
deployment techniques than those in the northern Gulf, and concerns were raised that the 
northern Gulf results would not be representative of the southern fleet. Based on these concerns, 
and because on-going cooperative research between the Virginia Institute of Marine Science 
(VIMS) and the F/V Carol Ann was already occurring in the southern Gulf, test gear was 
deployed over twenty-nine pelagic longline sets to provide additional data on the effectiveness of 
at least one of the hook-bait combinations listed in the ANPR within this southern fishery. The 
protocols used in this study were adapted from those developed by the SEFSC-Pascagoula 
Laboratory to better match either the characteristics of other studies taking place simultaneously 
on-board the F/V Carol Ann or of the southern Gulf of Mexico coastal swordfish fleet. 
Materials and Methods 
All fishing activities occurred in waters open to domestic pelagic longline operations in 
either the Windward Passage or the southern Gulf of Mexico (including the Yucatan Channel 
and the western Florida Straits; all referred to hereafter as the Gulf of Mexico). Two sections of 
gear (maximum of 180 study hooks per set) were deployed during each set using either dead 
squid (Illex sp.) or Atlantic mackerel (Scomber scombrus) for bait. These sections always 
adjoined additional gear not under the same test configuration, which was used for a separate 
gear research project. Each test section was composed of 90 hooks in five-hook baskets, with 
2 The majority of the preliminary results from the NED study work are available on the NMFS SEFSC-Pascagoula 
Laboratory website: http://www.mslabs.noaa.gov/mslabs/harvest/sea tmile mitigation.htm 
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baskets separated by either hard foam or polyurethane floats. Leader material was 1.8 mm 
monofilament, and individual leaders were 15 fathoms (ca. 27 m) long, with 12.5 fathoms 
between the snap swivel and another leaded swivel, and then a 2.5-fathom section of 
monofilament (also called the "tail") leading to the hook (see Figure 1). Such a configuration 
allows the replacement of the end of the leaders only rather than the full leader length. Float 
"drop lines" (monofilament lengths connecting the mainline with floats) were either 10 or 12.5 
fathoms long, alternating in 30-hook intervals, used by the captain to fish a broader range of 
depths. 
The circle hooks used were non-offset (i.e., straight) Mustad model #39660D, sizes 16/0 
and 18/0. During the last sets of this series, the supply of the non-stainless steel 18/0 hook was 
exhausted3 and the crew was forced to substitute the stainless steel 18/0 circle hooks from 
Lindgren-Pitman, Inc. (Pompano Beach, FL)4. Such substitution occurred when damaged tails 
were changed during haulback or when setting gear. When making more gear in the afternoon, 
recovered size 18/0 Mustad hooks were preferentially used to minimize the number of Lindgren-
Pitman hooks in the study sections. No more than 10 of the 90 size 18/0 circle hooks at any one 
time were the stainless steel Lindgren-Pitman hooks. Individual leaders were color-coded by 
hook size with chafing gear at the clip and stored in two separate leader boxes on deck. During 
each set, both sizes were alternated along the mainline with an odd number (i.e., 5) of hooks 
between floats. This arrangement assured equal representation of each hook size across all 
positions within baskets. A Cyalume®-based chemical lightstick was also placed approximately 
five meters above each hook. Each overnight set used two colors of lightsticks, with equal 
numbers of each color mixed throughout the two sections. The starting and finishing locations 
were also noted for these sections using a hand-held Garmin eTrex® model global positioning 
system (GPS) unit on deck. Sea surface temperatures (SSTs) were also recorded from the 
temperature gauge in the vessel wheelhouse, and the reported SSTs for each set were calculated 
as the average between the temperature at the beginning and end of the test sections. 
Hooking location (i.e., where the animal was hooked), length, depth of float drop line, 
leader number within each basket, and disposition were noted for all animals at haulback. 
3 The supply of hooks was exhausted in large part because additional size 18/0 Mustad hooks were not available 
during the middle period of this study (Steve Carl, Hi-Liner Fishing Gear and Tackle, Inc., pers. comm.) to replenish 
the supply possessed by the vessel prior to the study. 
4 Use of stainless steel hooks was included in the VIMS Exempted Fishing Permit HMS-EFP-04-01 (Amended). 
- 5 -
Lengths of fish to be released were either measured or estimated to the nearest 5cm interval. 
Retained fish were measured to the nearest 1cm using the curved lower-jaw-fork-length (LJFL) 
and tagged through the caudal keel with an individual identifying number for later weight 
determination at offloading. Live hooked sea turtles were leadered to the stem of the vessel for 
dip-netting, and pulled up the stem ramp onto the deck by the net handle for more controlled 
hook removal. The latitude and longitude positions of all animals were also noted on deck with 
the Garmin GPS unit. All statistical tests were performed using SAS v.8.2 (SAS Institute, 2004). 
Plotting of the sets for Fig. 1 was done with ArcMap v.8.2 Arc View (ESRI, Inc., 2003). 
Results 
Twenty-nine sets (1,756 hooks total) were deployed over two general geographic 
locations (see Fig. 1). Four sets were conducted in the Windward Passage between Haiti and 
Cuba, while the remaining 25 sets were deployed in the southeastern Gulf of Mexico and the 
western Florida Straits. All latitude and longitude coordinates of these sections are provided in 
Table 1 and a graph showing the distribution of the SSTs for these sets is provided as Figure 2. 
Due to technical problems, several sets did not have full complements of each hook size (Table 
1, right column). The research component of these truncated sets was stopped when alternating 
hooks were no longer available due to hook shortages. 
Two loggerhead turtles and 195 fish were caught by the test sections of gear. Detailed 
species composition of this catch and percentage of animals alive at haulback are listed in Table 
2. Swordfish dominated the overall catch (76.6%), although not all of these fish were retained 
due to domestic size regulations. All fish caught with the size 18/0 non-offset circle hook 
exceeded the federally regulated minimum size. A list of lengths and weights for the 84 retained 
swordfish is given in Table 3. Both locations showed a decrease in numbers ofretained 
swordfish for 18/0 non-offset circle hooks: 16.7% for the Windward Passage and 44.4% in the 
Gulf of Mexico, or a 32.0% reduction by combining data from both locations. Comparing catch 
numbers by hook sizes and location showed a slight, but statistically significant, difference 
(Cochran-Mantel-Haenzel x2=3.9059; P=0.0481). 
Retained swordfish CPUE ( catch per 100 hooks) for the Gulf of Mexico sets baited with 
squid was 2.81 for the 16/0 size and 1.56 for 18/0, although this value also differed by location 
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for each hook size (see Table 4). Combining data from both sampling locations, the average 
length ?fretained swordfish caught with squid on a size 16/0 hook was 144.5 cm (n=52; range: 
120-224 cm) versus 142.9cm (n=30; range: 122-206 cm) for the 18/0 size (see Figure 3). There 
was no statistically significant relationship between individual fish length and hook type (pooled 
t-test: t=0.36; P=0.7175). 
Hooking locations were recorded for all animals caught in the test sections of gear. 
Although fish were often hooked in the comer of the mouth with both hook types, no 
combination of set location and bait type showed a statistically significant difference between the 
comer of the mouth and all other hooking locations (Table 7). Two live adult loggerhead sea 
turtles ( Caretta caretta) were caught by the test sections in the southern Gulf of Mexico sets, one 
each on size 16/0 and 18/0 hooks. The first was hooked with an 18/0 size hook in the center of 
the lower jaw. This turtle was brought to the deck and the hook was removed prior to release. 
The second\vas caught with a size 16/0 hook in the lower jaw, but this animal broke the grip of 
the wireman as it was being maneuvered to the stem ramp. However, the leader had already 
been cut from the leaded swivel, resulting in the animal trailing less than four feet of 
monofilament from the hook. It should be noted that both turtles strongly swam away from the 
vessel following release. 
Discussion 
Several aspects of these 29 research sets differed from the protocols developed by Dr. 
Watson for the tuna-targeting vessels. The first difference is that the record-keeping was not 
conducted by formal NOAA Fisheries observers, but by the author in conjunction with his 
doctoral dissertation work. However, this should have no effect upon the observed results. 
Second, sets targeting swordfish use night deployments and shallower gear than that normally 
employed by the tuna vessels in the northern Gulf of Mexico. Finally, two colors of lightsticks 
were used on each set rather than one color throughout, as was the case with the tuna vessel 
protocol. Such a practice is not part of normal swordfish targeting operations on this vessel, nor 
is it generally practiced within the fishery, in which vessels often deploy a variety of colors per 
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night. Although it has been suggested that lightsticks may attract leatherback turtles5, only 
loggerheads were seen in these test sections. Precautions were taken on each set to maintain an 
equal ratio of lightstick colors deployed, and each setting out was monitored to ensure a 
distribution of each color across each hook position and type. For these reasons, it is not 
believed that the use of different color lightsticks on these research sets had any effect on the 
resulting data. 
16/0 vs. 18/0 Non-Offset Circle Hook Comparison 
These test sections were conducted in concert with other cooperative gear research on the 
F/V Carol Ann with researchers at VIMS. Based on the experimental design of this other work, 
the two test sections detailed here were incorporated within each of the research sets with 
minimal disturbance to otherwise normal commercial fishing operations. Technical problems 
prevented deploying a full 180 alternating hooks per set on six occasions. However, the 
balanced design was conserved throughout by ending the experimental gear section when one 
hook type was no longer available. 
Swordfish catch (and CPUE values) in these sections was quite variable between sets, 
possibly reflecting a combination of factors such as moon phase or weather conditions, or even 
changes in local abundance. One other possible confounding factor is the size of the target fish; 
numerous anecdotal reports suggest that mean fish size is larger in the Windward Passage than in 
other locations. While historical documentation of this was not available, the measured lengths 
of all fish caught in those two locations do support this anecdotal report (D. Kerstetter, unpubl. 
data; Table 5). Finally, the two sets in which squid-baited size 18/0 circle hooks had a higher 
catch rate than the size 16/0 hooks were both from the Windward Passage, also potentially 
reflecting a size difference in the target swordfish population at this location. 
5 R. Brill, NMFS SWFSC-Honolulu Laboratory (now located at VIMS), in Report of the NMFS Technical Gear 
Workshop to Reduce the Incidental Capture of Sea Turtles in the Atlantic Pelagic Longline Fishery, Silver Spring, 
Maryland, on January 17-18, 2001. 
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Conclusions 
The use of squid bait with size 18/0 non-offset circle hooks versus non-offset size 16/0 
resulted in less swordfish catch overall in both tested locations, although the fairly low total 
numbers of fish caught requires caution when interpreting these results. Overall, survival at 
haulback of animals caught on both hook sizes was relatively high. The general lack of catch -
target and bycatch animals - in these test sections prevents any additional species-specific 
comparisons. Two loggerhead turtles were caught in these test sections, one on each hook size, 
and were released alive. 
Additional research into the utility of the larger 18/0-sized circle hook should be 
undertaken, especially given the demonstrated size differences in target fish between locations 
and targeting fisheries. The lack of statistical significance in some bait-hook combinations is 
likely a factor of the low statistical power associated sample sizes. Other, statistically non-
significant relationships would likely not change ( e.g., comparison of hook type with fish 
length), regardless of sample size. However, the general results of this study continue to suggest 
that mandating the larger, size 18/0 circle hook throughout the fleet will result in catch 
reductions for the southern coastal pelagic longline fishery. 
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Figure 1. Locations of the 29 sets ( dark circles) conducted in 2004 in the southeastern Gulf of 
Mexico and the Windward Passage. 
North America 
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Figure 2. Leader construction used in this study. The segment from the snap to the leaded 
swivel was 12.5 fathoms ( ca. 22.6 m) in length, while the "tail" length, or the section ofleader 
between the leaded swivel and the hook, was 2.5 fathoms ( 4.4 m). Note: lengths in this diagram 
are not strictly to scale. 
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Figure 3. Frequency distribution of sea surface temperature for research sets in the Windward 
Passage and GOM. 
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Figure 4. Lengths (cm) and number of 34 retained swordfish per 10 cm-interval for size 16/0 
(blue) and 18/0 (red), and discarded swordfish on 16/0 (yellow), non-offset circle hooks caught 
in test sections during February-March 2004. Note that there were no discarded swordfish 
caught by size 18/0 hooks during these ten research sets. 
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Table 1. Locations (latitude and longitude coordinates) of test sections of gear during February-
April 2004. Under the "Bait" column, "S" refers to squid (!!lex sp.) and "M" to mackerel 
(Scomber scombrus). Note that the GPS unit malfunctioned during the set of Set 12 and the 
haulback of Set 17. 
Set Haulback Total 
Test Set Start End Sta1·t End Hooks Bait 
I 19° 58.7 N X 73° 42.2 w 19° 53.9 N X 73° 46.2 w 19° 55.5 N X 73° 44.0 w 20° 00.7 N X 73° 41.8 w 180 s 
2 20° 14.3 N X 73° 30.9 w 20° 11.0 N X 73° 24.9 w 20° 16.0 N X 73° 25.9 w 20° 19.2 N X 73° 32.8 w 180 s 
3 20° 14.0 N X 73° 30.2 w 20° 10.6 N X 73° 34.3 w 20° 13.7 N X 73° 36.3 w 20° 20.0 N X 73° 34.7 w 180 s 
4 20° 11.4 N X 73° 33.0 w 20° 07.5 N X 73°39.8 w 20° 06.8 N X 73° 47.9 w 20° 14.2 N X 73° 44.8 w 180 s 
5 24° 06.3 N X 82° 30.8 w 24° 09.5 N x 82° 36.2 w 24° 11.7 N X 82° 33.3 w 24° 13.3 N X 82° 24.3 w 180 s 
6 23° 57.2 N X 82° 43.3 w 24° 03.2 N X 82° 44.3 w 24° 02.4 N x 82° 40.3 w 24° 02.4 N X 82° 40.3 w 180 s 
7 24° 01.3 N X 82° 43.5 w 24° 08.5 N X 82° 42.9 w 24° 07.9 N X 82° 39.6 w 24° 05.1 N X 82° 38.5 w 156 s 
8 23° 54.9 N x 82° 43.4 w 24° 02.0 N x 82° 43.7 w 24° 04.6 N X 82° 42.6 w 24° 01.9 N x 82° 36.6 w 180 s 
9 24° 01.5 N X 82° 39.6 w 24° 07.3 N X 82° 42.1 w 24° 07.2 N X 82° 40.6 w 24° 02.0 N X 82° 36.1 w 180 s 
10 23° 27.7 N X 82° 31.0 w 23° 22.8 N X 82° 24.7 w 23° 25.9 N X 82° 17.3 w 23° 32.6 N x 82° 16.I w 160 s 
11 24° 13.2 N X 82° 51.7 w 24° 14.8 N X 82° 59.0 w 24° 14.4 N x 82° 58.6 W 24° 12.6 N X 82° 52.5 w 150 s 
12 24° 15.3 N X 83° 05.4 w 24° 15 N X 83° 11 w 24° 11.1 N x 83° I 1.5 w 24° 16.6 N X 83° 03.7 w 180 s 
13 24° 12.5 N X 82° 57.3 w 24° 13.2 N x 82° 02.4 w 24° 14.7 N X 83 05.2 w 24° 13.7 N X 83° 01.8 w 30 s 
14 24° 05.3 N X 82° 33.6 w 24° 08.6 N X 82° 41.2 w 24° 09.9 N x 82° 40.6 w 24° 09.8 N X 82° 31.2 w 180 s 
15 23° 40.4 N X 82° 23.5 w 23° 46.2 N x 82° 21.3 W 23° 51.5 N X 82° 07.0 w 23° 53.8 N x 82° 57.8 W 115 s 
16 23° 40.1 N X 82° 16.4 w 23° 45.6 N X 82° 08.9 w 23° 52.9 N x 82° 56.0 W 23° 52.2 N X 82° 50.7 w 180 s 
17 23° 33.0 N X 82° 35.8 w 23° 33.4 N X 82° 40.0 w 23°49Nx82°16W 23°40Nx82°12W 180 s 
18 23° 37.0 N X 82° 23.7 w 23° 44.0 N X 82° 20.6 w 23° 51.7 N X 82° 05.0 w 23° 49.8 N x s1° 59.4 w 90/90 SIM 
19 24° 47.6 N X 84° 05.3 w 24° 49.3 N X 84° 12.5 w 24° 51.5 N X 84° 11.1 w 24° 49.0 N X 84° 04.3 w 180 s 
20 24° 50.0 N X 84° 12.7 w 24° 57.8 N X 84° 16.2 w 25° 00.6 N X 84° 17.4 w 24° 55.3 N X 84° 10.6 w 180 s 
21 24° 48.2 N X 84° 10.4 w 24° 53.1 N X 84° 15.2 w 24° 57.o N x 84° 16.3 w 24° 51.2 N X 84° 08.1 w 180 M 
22 24° 44.7 N x 84° 07.7 w 24° 49.1 N X 84° 11.6 w 24° 52.1 N x 84° os.2 w 24° 48.1 N X 84° 03.2 w 180 M 
23 23° 39.0 N X 83° 43.1 w 23° 41.7 N X 83° 35.0 w 23° 32.2 N x 83° 27.4 W 23° 29.0 N X 83° 34.2 w 180 M 
24 23° 24.8 N X 82° 54.0 w 23° 30.6 N X 82° 50.6 w 23° 29.5 N X 82° 12.2 w 23° 36.3 N X 82° 04.7 w 180 M 
25 24° 58.2 N X 84° 17.4 w 25° 02.2 N X 84° 25.2 w 24° 50.2 N x 84° 31.7 w 24° 50.7 N X 84° 26.6 w 180 s 
26 25° 09.5 N X 84° 20.9 w 25° 14.9 N x 84° 24.1 W 25° 01.0 N X 84° 25.1 w 24° 51.6 N X 84° 26.5 w 180 s 
27 24° 50.3 N x 84° 11.9 w 24° 54.9 N X 84° 16.3 w 24° 46.9 N x 84° 18.7 W 24° 43.1 N X 84° 19.7 w 180 s 
28 24° 08.o N x 83° 21.4 w 24° 07.0 N X 83° 22.3 w 24° 09.5 N X 83° 04.8 w 24° 09.8 N X 83° 01.3 w 70 s 
29 23° 37.4 N X 82° 47.3 w 23° 31.5 N X 82° 51.3 w 23° 34.2 N X 82° 44.1 w 23° 38.7 N X 82° 34.1 w 180 s 
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Table 2. Total species numbers and percentage alive at haulback (in parentheses) for animals 
caught in test sections during February-March 2004. 
Windward Passage Gulf of Mexico 
Hook Type Hook Type Total 
Species 16/0 18/0 16/0 18/0 Caught 
Swordfish - Xiphias gladius 7 (57) 5 (60) 85 (54) 54 (68) 151 
UID Carcharhinid - Carcharhinus sp. 2 (100) (none) 9 (100) 12 (92) 23 
Escolar - Lepidocybium jlabobrennum 1 (0) 3 (66) 2 (100) 4 (75) 10 
Great Barracuda - Sphyraena barracuda (none) (none) 2 (100) 1 (100) 3 
Bigeye Tuna - Thunnus obesus (none) 1 (100) (none) 1 (100) 2 
Whitetip Shark - Carcharhinus longimanus 1 (100) 1 (100) (none) (none) 2 
Loggerhead Turtle - Caretta caretta (none) (none) I (100) 1 (100) 2 
Oilfish - Ruvettus pristiosus 1 (100) (none) (none) (none) 1 
Wahoo -Acanthocybium solandari (none) (none) (none) 1 (100) 1 
Sailfish - Istiophorus platypterus (none) (none) (none) 1 (0) 1 
Longfin Mako - /surus paucus (none) (none) (none) 1 (0) 1 
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Table 3. Lengths (curved lower-jaw-fork-length) and dressed weights (pounds; for test sets 1-4 
only) ofretained swordfish caught in test sections during February-March 2004. Colors: maroon 
= WP, black= GOM squid, and green= GOM mackerel. 
Test Set Hook Type: 16/0 Hook Type: 18/0 
l B9/45, 144/60 206/183 
2 (none) 153/51, 155/68, l39/68 
3 123/33, 129/47, 189/126, 144/54 (none) 
4 (none) 153/77 
5 157/76, 126/39 143/70 
6 144/73, 134/51, 140/54 137/39 
7 126/49. 151/76, 126/33, 128/33 138/48 
8 (none) (none) 
9 159/62 142/65 
10 137/44, 120/34, 158/81, 146/67 127/39, 172/188 
11 132/31, 143/55, 141/51, 118/38, 166/83 153/74, 119/34, 123/30, 138/51 
12 149/63, 151/55 (none) 
13 (none) (none) 
14 132/44 157 /84, 130/49 
15 137/58, 152/82 (none) 
16 186/154, 152/86, 153/81, 141/53, 164/122 (none) 
17 137/59, 125/48 140/50, 122/33, 136/55 
18 154/58 153/75 
19 126/39, 139/59, 132/41, 136/53, 224/210, 121/38 149/74, 152/89 
20 154/75 129/41, 160/84, 123/31 
21 134/44, 123/35, 120/35 169/105, 219/211, .147/67, 135/44 
22 (none) 140/48 
23 (none) 147/57, 148/78, 141/53 
24 171/102 132/42 
25 182/133, 175/89, 144/59 149/76 
26 133/47, 131/46 132/54 
27 128/37, 136/34 124/35 
28 (none) (none) 
29 (none) 133/44 
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Table 4. CPUE ( catch per 100 hooks) comparison between 16/0 and 18/0 non-offset circle hooks 
for retained swordfish caught in test sections during February-March 2004. 
Windward Gulf of Mexico 
Passage 
Bait Type 16/0 18/0 16/0 18/0 
Illex sp. 0.83 0.69 2.81 1.56 
Scomber scombrus n/a n/a 1.23 2.22 
Table 5. Average lengths for each hook type by location, with sample sizes in parentheses, for 
retained swordfish caught in test sections during February-March 2004. Sets #21-24 (#76-79) 
used mackerel bait throughout the entire set. Note that dressed weights were only recorded for 
fish in two test sections, not for all fish in the set. 
Size 16/0 Size 18/0 Size 9/0 J All Hook 
Circle Circle Types 
Test All Test All All 
Location Sections Sections Sections Sections Sections 
Windward 144.7cm 178.3cm 161.2cm 160.1cm 168.6cm 
Passage 11=6 11=23 11=5 11=26 11=49 
(Illex in test sections) 60.8 lb. n/a 89.4 lb. n/a n/a 
GOM 144.3cm (combination 139.2cm (combination (combination 
(I/lex sp.) 11=45 not tested) 11=25 not tested) not tested) 
64.3 lb. 60.5 lb. 
GOM 140.4cm 145.75cm 153.1cm 143.82cm 146.74cm 
(Scomber scombrus) 11=5 11=8 11=9 11=17 11=34 
56.8 lb. n/a 78.3 lb. n/a n/a 
GOM (combination 143.01cm (combination 142.86cm 142.44cm 
(mixed bait) not tested) 11=122 not tested) 11=114 11=263 
n/a n/a n/a 
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Table 6. Changes in retained target catch for various hook and bait combinations. Bold font 
second calculation is for difference in dressed weights (pounds); all other numbers are for 
individual animals. 
CAR GOM 
4 sets: 720 hooks swo ESC 20 sets: 4,211 hooks swo ESC 
16/0 NOS circle +29.2% --- 16/0 NOS circle -22.5% +7.6% 
vs. (17:24) (2:0) vs. (69:89) (14:13) 
9/0 OS J 9/0 OS J 
18/0 NOS circle +28.5% 18/0 NOS circle -44.4% 
vs. (5:7) none VS, (25:45) ---
16/0 NOS circle, +22.S'Y., (0:0) 16/0 NOS circle, -47.7% (2:0) 
both I/lex sp. (447:365) both Illex sp. (1,512:2,893) 
18/0 NOS circle 18/0 NOS circle +125% 
vs. (combination (combination vs. (9:4) none 
16/0 NOS circle, not tested) not tested) 16/0 NOS circle, +148.2% (0:0) 
both Scomber scombrus both Scomber scombrus (705:284) 
Table 7. Summary Cochran-Mantel-Hanzel x2statistics from comparison of hooking locations 
with set location and retained vs. non-retained swordfish. Note that all were non-significant. 
Asterisks (*) indicate a low sample size. 
All Swordfish Retained Swordfish Only 
CAR x'=l.4700; P<0.2253* x'=2.0l 19; P<0.1561 * 
GOM, I/lex sp. only x'=0.3237; P<0.5694 x'=l.5333; P<0.2156 
GOM, Scomber scombrus 011/y x'=0.0648; P<0.7990* x'=0.0241; P<0.8767* 
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